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PnST,y,A]iCT |iSTff fgT^Tip.T7: 4T10N OF 
FAPIOT AI^Kf iFn PROTIKINS AND fEPTID: 

BACKGROUND 
Field of the Invention 



TUs inv«tion relates to stabilize for ladiaphaTmacwtical compositions 
which are ackted after radiolabeling but prior to administi^ Ascofbic add (and/or 
a derivative diereof), alone or in ccnnbination with other stalnliz^, is used to inhibit 
oxidation loss ami autoradiolysis of radiolabded peptides and proteins. 



Backpiound Art: 

A laige numb^ of protdn-based radiofdiannacraticals are uncfer clinical 
investigation^ and a smalln' nurnb^ have bem qjpioved in tte United States and oth^ 
countries. Similariy, peptide-based ladiophaimaceuticals are also under clinical 
investigation, with several proved for clinical use. TbenQ)eutic and diagnostic uses 
of bodi protein- and i>eptide-based ladiophannaceuticals continue to be developed. 
Typical therqieutic and diagm>stic supplications are described in U*S. Patents 
5,078,985; 5,102,990; 5,277,893; 5,443,816; and 5,460,785; and in U.S. Patent 
Applications Serial Nos. 08/087,219; 08/269,929 and 08/651,179, incoiporated by 
iefer»ce in their entirety. 

ProtCTi- or pqfrtide-based radiq>hannaceuticals are primarily based upon 
use of monoclonal antibodies (or fiagm«ts thereof) as a targeting vehicle, but other 
peptides or proteins can also be used, ircluding albumins and honnones. Both intact 
antibodies (monoclonal and polyclonal) and fragmmts, made by any m^od known to 
the art, as well as peptide mimics of fragments or antibody binding sites can be 
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radiolabeled and used as imaging, diagnostic or th^aqpeutic agents. 

A variety of pq)tide-based radiopbannaceiiticals have been investigated, 
including those in which the pq>tide is derived frcmi somatostatin. Radiolabeled 
peptide analogues of scmiatostatin used for diagnostic imaging include ^^-labeled 
Tyr-3-octieoti(te and "'In-di^yloie tetniaminq)entaacetic add (DTPA>-octieotide 
imaging agents. Keseaich is umlerway on a variety of ^c-labeled somatostatin 
analogues, including diiect-labded peptide somatostatin analogues. An 
^"In-DTPA-octzeotide product is conun^cially available in the United States and 
European countries, and is distributed by Mallindoodt Medkal, Inc. 

Both protein- and pe;^e-hased radioiAarmaceuticals may be 
radiolabeled by a variety of means. Both pqitides and piotdns can be directly 
radioiodinated, through etectn^dulic substitution at reactive aromatic amino i^ids. 
lodinarion may also be acconqilished via prdabded reagrats, in which the reagent is 
iodinated and purified, and then liniffid to the pepti 

The utility of DTPA and EDTA cbdates coval»tly coupled to protdms, 
polypq)ti(tes arul peptides is well known in the art. DTPA has been used as a 
bifunctional chelatiiig agent for radiolabeling a variety of pq)tides with "V includmg 
somatostatin analogues for cancer imaging, o-melanocyte-simulating hocmcme for 
imaging mehuioma, chemctfactic peptkies for infection imaging, laminin fragm^its for 
targeting tumor-assodated laminin recqitors and atrial natriuretic peptides for imaging 
atrial natriuretic recqyiors in the Iddney. 

'^c is a preferred isotope for diagnostic imagmg, due to its km cost, 
ready availability, excellent imaging propnties and high spedfic activitks. Two 
approaches have been described for radk>labeling pfotdns a^ 
direct Libeling and iMfunctional chelates. Direct labding methods are graerally 
described in U.S. Patents 5,078,985; 5,102,990; 5,277,893; 5,443,816; and 5,460,785 
r^erraced above, in which a variety of methods of direct labelmg of pqitides and 
proteins through sulfur-, oxygen- and nitrogen-containing amino add sequraces 
available for binding are disckised. 

A varirty of higli affinity chelates to bmd '^c to specific sites on 
peptides have been developed. In <me approadi, the bifunctumal reag»t is fiist 
labeled with '^Tt, and thra coiyugated to the peptule. However, multq>le species can 
result, and post-labeling purification is gnerally required. In anodier sqiproacfa, a 
chelating agOTt is covalentlyattadied to the pqptide prior to la^ Chelates 
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which have been employed include a variety of N2S2 and N3S ligands, DTPA, 
6*hydiazinomcotinate gnnips, m^allothionein and metallodiicMidn ftagments. 

Isotopes of rhwiium, principally ^"^Re and have been used to 
ladiolabel protdns and peptkles for investigation as th^ Tlie chemistry 

5 of ^"^Re and is similar to thai of **Tc, though not identical, and both direct and 

chelate labeling appioadies have bcra used in radiolabeling proteins and pq>tides witti 
rtenium* 

Protein and pqitkie radiopharmac^itical compositions are known to 
degrade after radiolabding, primarily by oxidation losses and by autoratf Some 

10 radicpharmaceuticals, such as '^TTc, and eapedally and labeled compounds, 

are particulariy susceptible to oxidation losses if the isotope is not maintained in a 
suitable oxidation state. Bodi techn^um and rhenium isotopes normally exist in thdr 
higher or +7 oxidation state, which is the stable state, until reduced with stannous or 
othw reducing agents. A technetium or riienium radiolabeled compound can become 

15 unstable if the ccmiplexed reduced isotope is oxidized to a Uglier oxidation state, 

releasing the bound isotope as free or unbound p^tedm^ate +7 or ftee pcnrhenate 
+7. 

Tte t^m "autoradiolysis** includes diemical decomposition of a 
radiolabded peptide or prrtein by the action of radiation emitted from the ladioisotx^ 

20 coupled to tiie pqitide or protdn. Autoradiolysis may be caused by the formation of 

ftee radicals in the water or other medium due to the effect of radiation knitted 
the radioisotope. Free radicals are molecules or atoms containing a angle unpaired 
electron, which exhibit high chmical reactivity. Autoradiolysis is a significant 
pn^tan with high energy i3-anitting isotopes, such as rhCThmi isotopes, and with 

25 o-wnitting isotopes, but is typically somewhat less of a problem with y-CTiitting 

isotopes, such as '^Tt. 

^ A variety of methods have been raiployed to stabilize 
radiopharmaceuticals in general, including addition of HS A (human serum albumin) to 
a composition or keeping it ftozen betwe« preparation and use. However, these 

30 methods are not reliably dfective or practical for use with many radiolabeled pqytides 

and proteins. Substances such as ascoibic add and gratisic acid have also been used 
to inhibit the oxidaticm of the radioisotope, and to limit autoradiolysis by acting as 
"free radical scavengers" which donate reactive hydrogen atoms to the free radical 



wo 97/28181 PCT/US97/01695 

4 

intemediates yielding a ncm-reactive molecule. Use of gentisic acid and its derivatives 
to stabilize radiolabeled proteins and pq>tides is described in U.S. Patmt 5,384,113, 
incoiporated berdn by reference, and use of ascoibic acid to stabilize some 
chemical-based radiolabeled compounds, but not protein- or pqitide-based radiolabeled 
compounds, is described in Tofe, A. J. and Francis, M.D., /. Nucl Med., 17, 820-825 
(1976). However, ascoibic add has been recognized in the axt as unsuitable for use as 
a stabilizing agent with many chraucal-based radiolabded conqxmnds, presumably 
because it competes for the and fonns a '^Tc-ascoibate complex. Ballingdr, J., 
Der, M., and Bowen, B., Eur. J. Nucl Med., 6, 154-154 (1981). In feet, because of 
the stability of Tc-a!X»ibate ccMnplex, ascoibic acid has been labeled with technetium 
by numeious investigators for use as a potential renal imaging agot. In addition, use 
of ascoibic add prior to and during radiolabding has been described in U.S. Patent 
No. 5,011,676, and has been d^cribed in Radiophamtaceuticab, G. Subramanian, 
B. A. Rhodes, J.F. Cooper and V J. Sodd, eds, Sodety of Nuclear Medicine, New 
Yoric, 1975, pp. 37-38, as an agent, used eitfier singly or in combination wifli Fe(III), 
in technetium labeling of HSA. Despite the promise shown by a number of 
newly-develcped proteins and pq)tides for diagnostic and tiiaiqiratic aiq>lications, 
susceptibility to oxidation loss, auU>radiolysis and other impurities may limit use. 
Thei^oie, the devetofmirat of means for the effective stabilization of radiolabeled 
compounds, witfxiut k>ss due to die stabilizing agrat, is a significant and much-needed 
advanconent in the art. 



Acconfiogly, it is an object of the present invration to provide a 
composition crataining a radiobd)ded protein or pqytide having improved stability 
(e.g., against oxidation, autoradiolysis and more gCTerally dpgradaticm). Another 
object is to provide novel metiiods for ^ilizing a radiolabeled protein peptide or 
polypeptide. 

It is a ftutiier object of die inv^on to provide a diluent and a bodying 
agMt, providing volume to the radiolabeled prcHein or pq)tide prq»raticm which is 
helpful in a pharmaceutical or clinical settii^ for ease of m a nip u l a tio n and 
administration. It is a further object of the invention to provide a stabili^g agent 
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which further stabilizes a radiolabeled .piotdn or peptide prqmratira cxmtaining excess 
stannous or stannic ions, preventing fonnation of Sn-coUoids or Mher radiochemical 
impurities. It is a furth^ object of the invration to provide a radiolabeled protein or 
pq>tide conqx)siti(Mi which uses a relatively non-toxic and readily obtainable stabilizing 
BgeoL It is a furtiier c^ject of the invention to provide stabilized radiqphannaceutical 
products made by the various methods disclosed berdnabove. 

Otb^ objects, advantages, and novel features, and further scope of 
ai^licability of the present inv»d(m will be set forth in part in the detailed descr^on 
to follow, and in part will become ^)par^ to those skilled in the art upon examination 
of the following, or may be learned by practice of the invradon. The objects and 
advantages of the invention may be realized and attained by means of the 
instrumCTtalities and combination particulariy pointed out in the sqypoided claims. 

The present invCTdon provides a method for stabilizing 
ladif^haimacaitical compositions, including compositions based on pq)ti(fes and 
protons, including antibodies. The m^hod comprises adding asooibate or other 
stu fhtltrmg agents to the pre-tadiolabded composition in an amount effective to prevent 
degradation of the radiolabded substance, sacb as that caused by autoradiolysis of the 
labeled composition and oxidation loss of the ladiobbel. 

n^e is also provided a method of preparing a stahili/ed peptide or 
protdn ladiophannaceutical composition, comprising the ordered steps of labeling a 
peptide or protem with a radioisotope to form a radiolabeled pharmaceudcal product, 
said radiolabeled pharmaceutical product being substantially free of any stabilizing 
agents, and then adding a stabilizing agent consisting of ascoibic acid, or cme or more 
derivatives thereof (such as salts, estm, and mixtures thereof) to the radiolabeled 
pharmaceutical product In one embodhnem, the radioisotope may be an isotope of 
rii^um or tedmetnim, and particulariy '^Tc, or ***Re. 

, Ttere is also provided a method of preparing a stabilized 
ih^um-labeled pqyti^-based somatostatin analogue radiopharmacwtical composition, 
comprising the ordered steps of labeling said peptide with an isotope of rhraium to 
fomi a radiolabeled phannaceutical product, said radiolabeled pharmaceutical product 
being h»eb>fore substantiaUy free of any stabilizing agents, and then adding a 
stabilizing ag»t consisting of ascoibic add, its salts, esters, derivatives and mixtures 
th^eof to the radiolabeled pharmaceutical product. In one embodim«t, the 
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radioisotope may be or . 

Ttoe is also provided a method of preparing a stabilized 
technetium-labeled anti-SSEA-l IgM antibody-based ladiophannaoeutical oraiposition, 
ccmiprising the oideied steps of labding said anti-SSEA-l antibody with an isotope of 
technetium to fonn a ladiolabded phannaceutical product, said ladiolabded 
pharmaceutical product being hmtoforo substantially ftee of any stabilizing agents, 
and then adding a stabilizing agrat consisting of ascoibic acid, its sabs, estm, 
derivatives and mixtuies thereof to the radiolabeled pharmaceu^ In me 

anbodim»t, the radioisotope may be '^c. 

Additionally, the present invCTtion provides stabilized compositions 
containing a radiolabded protein or peptide, which compositi(ms have been stabilized 
by the addition of a jg^hiKring agrat containing ascoibic add or a derivative diereof to 
a composition containing said protein or peptide already radiolabeled. 



BMEFDES 



NOPTHHPIGURBS 



FIGURE 1. Eluticm profile of Re-188-RC-160 labeled with 65 mCi of Re-188 at 6 
hoois post-lab^g fnmi a Qri^efsei)hase HPIX: coh^ They-axis 
in axbitraiy units. Tlie figure inset is an dutkm profile of Re-188-RC- 
160fnHna Ci«-SepPak cohunn using a stq)-gradiait of acidified 
ethanoL 

FIGURE 2. Comparative dutions profiles of Re-188-RC-160 radiolabeled at dther 
90*Cor37*C 

FIGURE 3. Displacemrat of Re-188 fiom Re-188-RC-160 using increasing 
concratratkms of cystdne as a diallenge agent. 

FIGURE 4. Comparative biodistribution of Re^l88-RC-160 xadiolabeled at dther 
90''C or 37*C in normal finale mice. 

FIGURE 5. Comparison of Tc-99m- or Re-188- labded RC-160 over time as 

analyzed by TLC. Saline was used as a mobile phase. Similar amounts 
(20 mCi) of each radionuclide wcse used, and the same formulation 
(optimized for Re-labeling) was used in the comparison. No post- 
labeling stabilizer was used. 
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FIGURE 6. Comparative TLC of Ile-188-RC*i60 with and without post-labeling 

stabilization with asooibale. 
HGUKE 7. Elution proiile of Se-188-RC-160 labeled with 65 mCi of Re-188 at 30 

hours post-labeling from a Cu-reverse-phase HPLC colunm. Hie y-axis 

in aiUtrary units. 

FIGURE 8. Comparative elution profiles of Re-188-RC*160 widi ascoibate added 
after the radiolabeling (tc^) or before the ladiolabeling (bottom). Both 
prq»arations were radiolabeled witii 10 mCi (370 Mbq) of Re-188. 

FIGURE 9* Labeling of a RhoMed radipphamaceutical prcxbir^ known as LoiTec- 
MTM, a '^c-Iabeled anti-SSEA- 1 antibody. (This product is referred 
to as "Leuko- 1* in Figure 9, which is a summary of the test results 
from a lot of LraTecMTM manufactured by RhoMed.) This data 
shows the difference in radiolabeling yields between unstabilized 
and stabilized (with ascoibate) product. 

FIGURE 10. HPLC profile on *^c-labeled IgM samples showing the 

differrace in yield Cfver time with labeling occurring in the 
presrace of ascoibate or with postlabeling addition of ascoibate. 



The present invention is directed to radiolabeled piotdn- or 
pepdde-ccHitaining compositions with a stabilizing agrat added subsequent to 
radiolabeling but prior to use to jnevent oxidation and autoradiolysis. One class of 
stabilizing agent whidi is effective at prev^iting oxidation ami autoradiolysis is 
ascorbic add (and derivatives tiiereof). With many protein- and pq>tide-based 
radiolabeled compositicms, ascoibic add and its derivatives int^ere with radiolabeling 
if included in the composition prior to or during radiolabeling. However, the inventors 
haye found that, unexpectedly, when added subsequent to radiolabeling (and 
subsequent to any incubation period), ascorbic acid and its derivatives result in a 



I 
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radiolabeled substance of supmor stability and body (volume). The radiolabeled 
pioteins and peptides which are ^ectively stabilized according to the present invention 
include ladiophazmaceutical drugs having diagnostic or therqieudc applications. 

While the m^hods of this invmtion are paiticulariy applicable to 

S stab iH™g compositions including isot€q)es of technetium and rfa^uum, such as '^c, 

and '**Re, because of tte particular susceptibility of such isotopes to oxidation 
and/or autoradiolysis, the methods of this invration can l>e used with compositi<ms 
including a wide variety of isotopes, inchiding those found in the group consisting of 
elements 26-30 (Ffe, Co, Ni, Cu, Zn), 33-34 (As, Se), 42-50 (Mo, Tc, Ru, Rh, Pd, 

10 Ag, Cd, In, Sn) and 75-85 (Re, Os, Ir, Pt, Au, Hg, Tl, Pb, Bi, Po, At) of the 

Periodic Table of Elements. Radioisotopes with diagnostic or therapeutic plications 
include 62Cu, 64Cu, 67Cu, 97Ru, 105Rh, 109Pd, *'*Re, *»»Re, 198Au, 199Au, 203Pb, 
211Pb and 212Bi. 

The radiolabeled pqitide compositicms stabilized by means of this 

IS invoiticm include piotdhs, peptides and polypeptides whidi are natuially-occuning, as 

well as those proAiced by chonical synthesis, by recombinant DNA technology, by 
bioch^cal or fflzymatic fragmentation of larger molecules, or by any otfa^ means for 
produdng th«). Fte exanq>le, pe|Ai(tes stabilized by the presot method include 
peptide fragments, polypeptides and oth^ structures derived therefirom, gener^ 

20 cxHisisting of a sequnce of amino adds. Rqxresoitative examples of peptides inchide 

those derived from laminin, fibrcmectin, cytokines, lymphokines, setum albumin, 
fibrinogm, enzymes, hormones, somatostatin, urokinase, tissue plaaninogen ^vator, 
and protease inhiUtors. Peptides will generally comprise fewer than 100 amino adds, 
and preferably fewer than 60 amino adds, and most prrferably comprise between 

25 about 4 and about 20 amiix) adds. The amino adds forming all w a part of the 

peptide may be naturally occurring amino acids, isomm and modifications of such 
amino adds, non-protein amino adds, post-translationally modified amino adds, 
razymatically synthesized amiiK) adds, isosteric amino acid analogues and the like, so 
that die term ''peptide" indudes psradope;rtides and peptidomimetics. The tenn 

30 "pqrtide" also inchides cyclic pq)tides, bridged peptides (e.g., disulfid&-bridged 

peptides), dimers or multimers of pqitides. Radiolabeled protdn compositions 
^bilized by means of tiius invration include such i»otdns, whetiier natural or 
synthetic, as human serum albumin, fibrinogra, urddnase, ganuna globulin, lanunin, 
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fibionectin, cytokines, lymphokines, enzymes, razyme inhibitors, honnoiies, 
glycoproteins, and immunogk^lins. The tenn "piotdn" as used throughout the 
specification and claims is intended to include all of the foregoing substances. The 
protein is typically of mammalian origin, but also inchides proteins of plant origin and 
proteins from prokaiyotic cells. MedKxls of attaching or complexing protdns to otb^ 
molecules, such as lipids and caibohydiates, including lqx>som^, are known to those 
skilled in the ait. 

Immunoglobulins, a type of protein, include antibodies and antibody 
fragments (including fiagm»ts consisting essentially of an antigenic detenninant or 
andgen binding site), of any species, and include both polyclonal and moiK>cl<Mial 
antibodies made by any means, as well as chimeric and gen^cally eogineeied 
antibodies, hybrids, and fiagments of all of the foregoing, this includes 
immunoglobulins of any class, such as IgG, IgM, IgA, JgD or IgB, of any spedcs 
origin, including human braigs, chimeric antibodies or hybrkl antibodies with dual or 
multq>le antigra or q>itope apedfiddes, and fragments of all of die foregoing, 
including F(ab)2, F(ab)2, Fab, Fab and other fragmrats, including hybrid fragments, 
and further inchides any immunoglobulin or any natural, synthetic or genetically 
engineered prcrtein that fuiictionany acts like an antibocty by biriding 
given antigen to form a ccmplex, inchidmg single chain antibodies. The terms 
"antibody" or "antibodies** as used tfarou^iout the speciftcatkm and claims axe intmded 
to include all sudi antibodies and antibody fragments. 

The products stabilized by means of the invration set forth herem can be 
used for both medical s^lications and vet^inary applications. Typically, the product 
is used in humans, but may also be used in other mammals. The term "patient" is 
intended to indude a mammal, and is so used throughout the specification and in the 
daims. The primary applications of die invention involve human patients, but the 
invention may be allied to laboratory, £aim, zoo, wildlife, pet or sport animals. 

The products stabilized by means of the invration s^ forth herein can be 
used as imaging agents, for example, to view tissues in order to monitor normal or 
abnormal metabolic events, to localize normal or abnormal tissues, to localize diseases, 
to diagnose or treat diseases, and to bind to blood constiturats, including blood cells, 
such as lymi^iocytes, for subsequent localization of diseases, infections, and abnormal 
tissues. The 2q)plication aiKi medical use of the product dq)ends on the type of protdn 
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or pq>tide and the type of radioisotopeiused. 

Hie piDtdn or peptide is first labeled with a radioisotope which can be 
accomplished using known techniques, and once labeling is complete, it is then 
stabilized according to the invention. Hie radioisotope may geneiate gamma rays, beta 
particles, or positrons which are converted into gamma lays upon collision with 
elections. Hie radioisotope may be used in diagnostic imaging procedures including 
gamma sdntigrqihy, q>ecific i^ioton emission computerized tomogn^y, or positron 
mission tomognq)hy, or may be used dienQ)eutically. 

With •'Tt, **Re or '••Re labeled pqytides or protons, regardless of the 
particular method of radiolabding employed, the addition of ascorbic add to achieve 
concentiatic»is betwem about 0.001 wt% and S wt% to the ccHnpositicm post-labeUng 
increases the stability of the radiolabeled compositifxi, with apparent increased 
resistance to oxidation and/or ladiolytic decomposition. If excess stannous or stannte 
icMis aie presmt in the compositicm of ttie labeled peptide or protdn, the additicm of 
ascorbic add also prevoits formatioii of Sn-coUoids and other radiodiemical 
impurities. This tfius allows sufiident stanncxis ion to be added to a preparaticm to be 
radiolabeled to insure complete reduction of the peitechnetate or pmhraiate, even if 
d«e is scMne oxidation loss of stannous to stannic ion, without formation of 
undesirable radiochemical impuritfes fiequently found witti excess tin. As stated above, 
presence of ascorbic add or a draivative thereof in a composition containing pqiddes 
and proteins, and radiolabeling agents brfore the c(»npleticm of radiolabeling, 
i^ardless of the method of radiolabeling, inclu^ of ascorbic add prior to ordinary 
labeling tes a detriinental ^ect on radiolabding yklds. Wtei derivatives are used an 
equival^ amount (on a molar basis) can be used. 

Addition of ascorbic acid or a derivative thereof post-labeling to the 
compodtions (m whidi ascorbic add has be« presnt prior to completion of 
radiolabeling) does not cure the problrai created by the pres»ce of ascorbic add prior 
to or during labeling, llie presoit invention thus requires that the stabiliring ag»t 
(ascorbic add or a derivative tfa^eof) be added to the composition ccmtaining a 
radiolabeled peptide or pn^in only after radiolabeling is comply (i.e., after the 
label has be» attached to the peptide or protein and any incubation pmod has 
elapsed). The requirem»t that the ascorbic add or other stabilizing ag«t be added 
after the protein or peptide is labeled with the radioisotope is critical, in that adding 
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ascoibic add or another stabilizing agont prior to or during nuiiolabeling can adversely 
affect the radiochanical purity and yield of the radiolabeled preparatioh. Such 
post-labeling stabilization yields a superior result. That addition of ascoibic acid and 
other stabilizing agents post-labeling would produce sup^or radiochemical yields was 
new and suiprising. 

One paiticulariy b^ieficial £qppIication of the instant invration is that 
antioxidants, notably ascoibic add (and derivatives thereof), inhibit xadiolysis and free 
radical damage to protdns or pqiddes labded with isotopes emitting high »eigy 
photons or paiticles, »ich as the 2 MeV beta paitide emitted upon decay of '**Re. 
Free radical degradation in particular can be significant, and geaamJly increases with 
both time and increased amounts of radioactivity in the prq)aratlon. 

The use of ascoibic add or <ferivative has the added advantage in a 
iriiannaceutical or dinical setting for the puipose of "Iwlkiqg*' the pnqKtration, that is, 
giving the preparation a certain requiied minimum volume for easy mampulaticm and 
use. In addidon, prcparaticms of ascoibic add (or derivative) for injection are 
commercially available, and exhibit little or no toxidty. If not available, they can be 
synthesized using known tecfan^ues. 

A protein or pq>t3de ladiolabding kit may be onpteyed, which will 
ccmtain oQ& or more vials containing the protdn or pq)tide to be ladidabded, and may 
contain a transfer ligand, a redudng ag^ depradin^ on the radioisotope to be 
employed, other ladiolabeling reagents and one or more excQMents. The contoits of a 
vial may be lyofrfulized, hozen or in liquid fonnulaticMi. The radioisotope, typically in 
an aqueous solution, is added to die vial containing die protein or peptide to be 
ladiolabded to initiate radioIabeHng. It is key that the radiolabeling vial not include 
ascoibic add or derivative since thdr pres»ce may adversely affect radiolabeling. 
Rather, ascoibic acid and other stabilizing agmts are amvoationally included in the 
radiolabding kit in a separate vial, or may be obtained from ofber sources in a 
separate vial. Depending on the method of radiolabding miployed, after addidon of 
die radioisotq)e to the radiolabeling vial and mixing as required to solubiUze tte 
compon^s, die radiolabdmg vial is allowed to incubate for a period of tune, 
generally ranging from 15 minutes to one hour, at a tranperature ranging from room 
temperature to lOO'^C. After the incubadon pmod is completed, unreacted label 
and/or excess redudng agent are (genially imoved, the ascoibic add or derivative 
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thereof then added to the radiolabeled piotdn or peptide in the ladiolabeling vial. 
The amount and molar concentration of ascoibic acid added will depmd on tiie 
formulation, the desired dose volume, the type of radioisotope, and the quantity of 
radiation. Commercially available compositions containing ascoibic add (or a 

5 derivative) may be used, ^ically containing 500 mg/2 ml ascoibic add, with the 

volume added ranging from 10 /il to 2 ml, and prrferably from 250 ;tl to 1 ml. The 
d^vative may be a i^ysiologically acceptable water soluble salt of ascoibic add, sudi 
as sodium ascoibate, potassium ascotbate, lithium ascoibate, etc. or ester of ascoibic 
add. When a derivative of ascoibic acid is raiployed, an equivalent amount (on a 

10 molar basis) is used. 

Once the stabilizing agent is added to the radiolabeled protdn or 
pef^, the ccmiposition may be prepared for administration. Typically, die 
radiolabeled ccmiposition is administeied parcnterally, and most commonly 
intravenously, but oth» forms of administraticm are contempkited and possible. 

15 Preferably, the stabilizer of the invention is added as soon as 

radiolabeUng is complete. If any purification of tiie radiolabeled protdn is necessaiy, 
tte stabilize can be added afker sudi purificaticm. It is an advantage of tiie invaition, 
however, tiiat incoiporation of the stabilizer in conqx>sitions containing excess stanncms 
km pievents fbrmaticm of quantittes of stannous colknds and other laifiochraiipal 

20 inqyurities that would int^fm with peifonnance of the r^ 

for its intraded imaging diagnostic or therapeutic puipose* 

The invoition is fiiitb^ illustrated by the following mm-Umiting 

examples. 

25 EXANfPLB 1 - PREPARATION OF A STABILIZED RHENIUM-LABELEb RC-160 

FEFIIDErBASED RADIOPHARMACEUTICAL COMPOSITION 

RC-160 is a cyclic somatostatin aralogue witti the gen^ stiuctcre: 

30 l>-Phe-Cys-T^-I>Tip-Lys-Val-Cys-Tip-NH2 

RadiolabeUng kits were prepared using aseptic techniques, with each kit prepared in a 
10 ml swm vial using a 2 ml liquid fill. The liquid fill contained 200 fig of RC-160 
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pq)tide in 45 mM sodium potassium taitrate, 10 mM potassium hydipgen phthalate 
buffer, pH 5.0, in 5 mM stannous taitxate with 1 % maltose added as a fieeze-diying 
cxdpknL Each kit contained a maximum of L19 of tin. After filling, the vials 
were lyophilized, the head ^ce gas filled with nitrogen, and the vials stoppered and 
crimped. Lyophilized vials were iben stored refrig^ated at 2-8''C. To label a kit, 4-5 
ml of ^''Re-penfaenate soluticm containing 10-100 mCi was added to the kits, and the 
kits then heated in a boiling wat^ hath for 30-45 minutes. Following a brief cooling 
period, 2 ml of ascorbic add for Injection, U.S.P., was added to the labeled kit 
through a 0*22 micnm filt^. Two types of parent^al ascoibate were used with 
similar results, Ascoibic Add for Injection, U.S.P., 500 mg/2 ml, and Ascorvit™ (a 
prqxaiadon of ascoibate) 100 mg (Jenq)harm, G^many). An efaition profile from an 
analytical HFLC at 6-bours post-labeling is shown in Kg. 1. In this study, RC-160 
was nuiiolabded at pH 5.0 for 30 minutes at 90**C and ascoibate was added post- 
labeling. The traipoature ^ect is shown in Fig. 2: 19 minutes for 3T'C and 21 
minutes for 90^C. Also shown in Kg. 1 as an inset is an ehition profile of Re-188-RC 
160 frcMn a CIS column using a step-gradient of acidified etfaenol. Hie results are 
ccHisistent with the HPLC. ^'*Re-RC-160 to which ascoifoate was not added was found 
to be stable for only up to two hours post-labelipg; however, afier that the began 
to uncoiq>le from the peptide as d^ennined by TLC (using ^ca-coated thin layer 
chromatpgraq[diy stiips) and omfinned by RP-HFLC (analytical reverse fbase HPLC 
usiiig a C18 column ehited with a continuous giad^it of acetonitrile ami analyzed by a 
post-cohunn radioisotope detector, geomlly at a flow rate of 1 ml/minute). This 
uncoupling occuned with ^**Re, but not with To-^ wbexk used in the same amounts, 
20 mCi, suggesting the effect was spedfic to rhenium at his particular ooncentraticHi. 
Post-labding addition of ascoibate was found to essentially eliminate the uncoupling 
and stabilize the ^'^Re-RC-ldO. Fig. 6. An HPLC profile at 30 hours post-labelmg 
widi 65 nijCi of ^"^Re to which ascoibate was added aft^ labeling demcmstrated that 
veiy little free ih»hun could be found. Kg. 7 and Fig. 1. Cysteine displacemrat 
studies dmonstiated that the Re-pcptkle bond strragth was not alt^ed by addition of 
the ascoibate post-labeling. Briefly, ali^iots of 100 ;d cysteine dissolved in phosphate 
lufTer saline (pH 7.4 with 1 M NaOIQ were dihited in sqwate microfuge tubes to 
result m a doubling dilution. 100 fil of Rel88-RC-160 was added to each tube and 
mixed by inversion. The samples were incubated at 45 minutes at 37''C or 90^C. A 



wo 97/28181 PCTAJS97/01695 

14 

10 §il aliquot of each sample was thai spotted on heat-tieated ITLC stop and 
chiomatographed in PBS> pH 7-4 until the solvent was O.S cm firom the stiq> top. Tbe 
amount of displacemmt was eTipxessed as % of total radioactivity at the solvit front. 
The results for two e}q)eriments ccmducted lespectively at 37"C and 90*C are shown at 
5 Fig. 3. In a related manner, comparative biodistribution profiles of Re-188-RC-160 at 

2 hours post injection into the tail vein of adult, female BALB/c mice («25g weight) 
(n^S/group) with each animal recdving 0.2 ml containmg proximately 4 fiCL 
Selected organs as shown in Hg. 4 were resected and weighed and the associated 
radioactivity was determined as a percratage of injec^ dose pr gram of tissue. The 

10 p^cent dose frcmi blood, bone and muscle was calculated assuming 7, 8.2 and 40% of 

total body wdght for these tissues. 37*'C and 90''C were the two temperatures at 
which radio labelling was performed. 

Addition of the well known gmeral purpose stabilizer/preservative 
sodium sulfite (1 mg/ml pH 7.4), sodmm bisulfite (1 mg/ml, pH 5.S), or mixtures of 

IS ascorbate and sodum> sulfite (Ascor^e^ fonnulaticm), sodhim bisulfite, or EDTA 

(Ascorbate for Injection, U.S.P., formulation) were also effective in stabilizing the 
^'^Re-RC-ldO, altbougli not as effective as uang ascorbate alone. Itae addition of SO 
mg/m 1 ascoibate yklded the same results as addii^ 2S0 mg/ml of ascorbate. 

Additkm of ascoibate aft» radiolabeHng was f cxmd to result in . 

20 stabilization. When the same amount and concratration of ascorbate was added prior 

to the addition of tbe rhenium, the RC-160 was not effectively radiolabded. Hie 
results otoined by analytical RP-HPLC wm confirmed by TLC studies and by 
isocratic ehitions from C-18 Sq>Pak columns. Evra when the amount of ascorbic add 
added prior to the addition of tiie rhenium was reduced to 400 fig, the radiolabeling 

2S was sevmly compromised. A side^-side comparism of the results obtained by 

RP-HFLC revealed an elution profile indicative of in^flcirat radiolabeling in the 
pies»ce of this low amount of ascorbic add. Hie RP-HPLC results were confirmed 
by TlX. In tiie case of the preparation radiolabeled in the presence of 400 /ig of 
ascorbic add, further post-addition of addition of ascorbic add after the labeling did 

30 not result in any improvement m the labding dfidency. The addition of ascoibate, or 

ascorbate/sulfite solutions, maximized tiie reduction of the pqitide RC-160, whidi is 
presmt in excess, without comprranising ^**Re-RC-160. The radiolabding kit could be 
formulated with an excess of stannous ions and RC-160 to accommodate a variety of 
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labeling situations. In the piesrace of .^'^e, the RC-160 and stannous ions interact to 
result in what is bdieved to be metal-cyclized '••Re-RC-160. T he *"Re-RC-160 was 
draionstrated by RP-HPLC not to be identical with stannous-ion-ieduced RC-160, or 
RC-160 reduced with dithiothreitoL Since ^**Re is produced essentially carrier-free 
irom a 188W/^**Re gen^ator, it is hypothesized that excess stannous ions will reduce 
the RC-160 not complexed to ^""Re. Tte post-labding addition of ascorbate theiefoie 
aids the reduction of excess RC-160, thereby rmdering it essratially biolpgically 
inactive and unable to compete effectivdy with ^*'Re-RC-160 in vivo for binding to 
recqjtors. The net result is a stable radiolabeled pqitide with a veiy high specific 
activity. 

EXAMPLE 2 - STABILIZATION OF A »*Tc-LABELED IgM ANTIBODY FOR 
DIAGNOSTIC IMAGING. 

Two differrat lots of ladiolabeling kits for an IgM antibody, 
anti-SSEA-1, west prepared, with each kit containing a lyophilized vial contaming: 

Reduced, stannous-protected anti-SSEA-l murine IgM 
Maltose 

Sucdmcadd (CH2COOH)2 
Potasaum sodium tartrate KNaC4H406*4H20 
Glydne NH2CH2COOH 
Edetate Disodium CiaH14N208Na2-2 H20 
Stannous tartrate 

Two differrat radiolabding methods were enq>loyed; in tte first method, each vial was 
radiolabeled by the additicm of '^c sodium pertechn^te in a vohrane of 1.0 ml 
saline, followed by incubation for 30 minutes at ST'^C* The radiolabeled antibody was 
thra evaluated. In the second method, each vial was radiolabded by the addition of 
'^c soduim pertedmetate in a vohmie of 0.2S ml saline, incubated for 30 minutes at 
37*C, and then 0.75 ml of a 500 mg/2 ml Ascorbic Add for Injection, U.S.P., 
solution was added. Ihe radiolabded antibody to which the ascorbic add stabilizmg 



Wright Per Kit 
monoclonal antibody 250 fig 
12.5 mg 
295 Mg 
250Mg 
28 Mg 
5/ig 
27Mg 



wo 97/28181 PCT/US97/01695 

16 

agent had bera added was then evaluated. The nst immunoieactivity was assessed by 
measuring bindii^ to cells known to e?ipiess the antigra for which anti-SSE^-1 is 
specific, measuring binding to cells known not to es^iess the antigm, and subtracting 
the diffeimce. In all cases, the net inununoreacdvity was higher by tiie second 
method in which ascorbic add stabilizing agent had been added. In one lot of kits, the 
net immunoieactive frxtion was 51 % when ascoibic acid stabilizing ag»t was added, 
and 46% wtoi it was not added. In ancAher lot of kits, the net immunoieactive 
fraction was 59% when ascorbic add stabilizing agrat was added, and 42% when it 
was not added. 



EXAMPLE 3 - FORMULATION OF A '*Tc-LAHELED IgM ANTIBODY 
RADIOLABELING KIT FOR DIAGNOSTIC IMAGDIG. 

A ladiolabeling kit was formulated which included a 3 ml reaction vial 
ccmtaining the following lyophilized componats: 

CompcHimt Contmt Per Kit 

Modified, stannous-protected and-SSBA-l murine IgM monoclonal antibody 250 /ig 
Maltose 12.5 mg 

Succinic add 221 fig 

Potasshun sodium tartrate U.S.P./N.R 522 fig 

Glycine U.S.P./N.F. 28 Mg 

Disodium Edetate Dihydrate U.S.R/N.F. 9 iig 

Stannous tartrate 54 fig 



Tlie formulation pH is adjusted to 6.2 ±0.1 with NaOH and/or HCl prior to 
dispensiiig 0.50 ml per vial and lyophilizing. The product contains no bacteriostatic 
preservative. I^finimum stannous tin is 10 microgiams and total tin is 24 micrograms. 
One 2 ml ampule of commercially available Ascoibic Add Iiyect ion, U.S.P. 
(Ascoibic Acid 250 mg/ml and Edc^ Disodmm 0.025% in water for injection) is 
included in the ladiolabeling kit. Ascorbic Acid sohition (0.75 ml) is added after 
'^c labeling as a stabilize for the reconstituted product. To radic^abel, the 3 ml 
reaction vial with lyophilized componrats is removed from 2 -8^C storage and 
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allowed to come to mom temperatuie.. Without the addition of air, the contents of the 
vial axe asq)ticaUy reconstituted with up to 40 mCi (ISOO MBq) of Sodhim 
Pertechnetate '^c Injection (0.25 ml) from a fresh generator elution. Hie vial is 
g»tly swirled until the lyophilized product is completely dissolved. Hie reaction vial 
ccMitaining Sodium Pertedmetate '^c Injection is incubated for 30 minutes at 37^C. 
0.75 ml of Ascorbic Acid Injection, U.S.P. is then added to the reaction vial and 
gently swirled to mix. In g^i^al, increased stability, as a fVmction of time, results 
wh» ascorbic add is added after radiolabeling. If radiolabeling is performed in the 
presrace of ascorbic add, in g»^al decreased radiolabeling yields and increased 
radiochraucal impurities are obsoved, with radiochemical impurities including 
uhbrand '^c-sodium potechnetate and '^c-labeled odloid. Dilution of the pre- 
radiolabeled prq>aration with commonly used clinical diluents such as dextrose 5%, 
0.9% saline, or water for injection, rath^ than an ascorbic add soluti<m, also resulted 
in increased radiochemical inqxnities. 

EXAMPLE 4 - EFFECT OF POST-LABELING ASCOKKC ACID 
STABIUZATION ON •*Tc-LABELED IgM ANTIBODY PREPARATIONS 
CONTAINING VARYING STANNOUS CONCENTRATIONS. 

Tliree difiernn anti-SSEA-1 IgM nufiolabeiing Idts were in 
Example 3, except that erne kit contained a total of 18 g of stannous tartrate, another 
kit contained a total of 24 g of starmous tartrate, and a third kit contained a total 30 g 
of stannous tartrate. Badikitwas labeled with 20 mCi of '^c sodium pertechnetate 
in a volume of 250 fil, with incubation for 30 minutes at ST^'C. Following 
inad)ation, 50 fd of each radiobbded preparation was rraioved, to which was added 
150 ^1 of an ascorbic add solution. Each of the resulting six different preparations 
was tested for immunoreactivity as described in Example 2. In eadi case, the 
n^ative cdl binding was substantially k>wer in the preparations containing ascorbic 
add. At the highest staimous ccxicentration, n^ative cell binding was 14.5% in the 
preparation which did not ccmtain ascorbic add, and 2.9% in the preparation which did 
contain ascorbic add, d^on^ting the stabilizing effect of ascorbic acid on high tin 
preparations. 
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Data are presented in the Figure 9 relating to the labding of a RhoMed 
ladiophamacratical product known as LeuTec-MIM, a ''^c-Iabeled anti-SSB/V- 1 
antibody. (This pioduct is referred to as "Leuko- 1" in Figure 9, which is a summary 
of the test results from a lot of LeuTecMTM manufactured by RhoMed.) This data 
shows the difference in radiolabeling yields between unstabilized and stabilized 
(with ascorbate) product. This data, especially that circled and marked "added 
post-labeling", shows that the composition tends to remain more stable than 
those compositions where other diluents were used. 



EXAMPUB 5 - EFFECT OF ASCORBIC ACID ADDED DURING 
RADIOLABELING OF ^c-LABELED HUMAN GAMMA GLOBULIN. 

'^c-labeling kits were formulated using polyclonal human gamma 
globulin as the protein to be radiolabeled* A vari^ of redudng agents, including 
dithiottite» sulfite, and tetrathionate were employed, wit h stannous used to reduce tiie 
sodium peitechnetate. Each type of diflermt kit was radiolabeled both with and 
without ascorbic add in the radiolabdiiig solution, and in eadi case the presence of 
asoQifoic add during radicdabeling adv^sdy affected labding yields, blood kvels 
obtained upon intravenous injecticm of the radiolabded prq)aration into e)9>erimental 
ammals, and the resistance of the labded antibody to diallenge with cysteine. 

Hie inclusion of ascoifaic add into four diffi^nrat piq>aiaticHis of this 
IgG antibody, prior to techn^itim labeling, adversdy affects labeling yidds, blood 
levds, and the resistance of the labded antibody to challenge widi cysteine. Asonfaic 
add was not added to any of the preparations after labeling, since that was not the 
intent of these particular experiments. Hgure 10 shows HPLC profiles of ^Re- 
labeled IgiM samples, showing the difference in yidd ov^ time with labeling occurring 
in the presence of ascoriiate on the one hand, and addition of ascoibate post-labeling 
ontheoth^. 

All of the foregoing are merely iUustnitive, and other equivalent 
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embodiments aie possible and contemplated. Although the invention has bera 
described widi lefeience to these piefened mbodiments, other CTbocfiments can 
achieve the same results. Variations and modifications of the present inv^on will be 
c4)vious to those skilled in the art. The appaodiod claims are intended to CTCompass 
all such modifications and equivalents. The entire disclosures of all applications, 
patents, and publications cited above are hereby incoiporated by leference. 

Table 1. Cinnparative dfect of various post-labeling compounds on the ehition of 
Re-188-RC-160 from C„ SepPak columns. The top panel illustrates 
results obtained witti ascorbate (SO mg/ml, pH 6.G>, sodium sulfite (1 
mg/ml, pH 7.4) or sodium bisulfite (1 mg/ml, pH 5.5). Tbe bottom 
panel illustrates results obtained with Ascoibate for Injecticm, USP, or 
the Ascondt formulation. 



% OF TOTAL RADIOACnVITY ASSAYED 



EIHANOL 


SALINE 


ASCORBATE 


SULFITB 


BISULFITE 


0-20% 


0.8 


0.7 


7.0 


1.0 


40^% 


85.4 


96.4 


8S.8 


94.0 


80-100% 


4.0 


0.9 


3.8 


1.8 


column 


9.7 


1.8 


3.5 


3.3 



% OP TOTAL RADIOACnVI TY ASSAYED 







ASCOSBATE 




EIHANOL 


SALINE 


FOR INJECTION 


AScoRvrr 


0-20% 


0.8 


0.7 


1.0 


40-60% 


85.4 


91.5 


94.0 


80-100% 


4.0 


1.3 


1.8 


column 


9.7 


6.6 


3.3 
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TABLE 2. Effect of reduced amounts (400 ;tg) of ascoibic add on the labeling 
efficiency of Re-188-RC-160. Ascorbic acid was introduced along 
with the Re- 1 88, and the results compared to those obtained without 
the addition of ascorbic acid during the labeling. Both prqrarations 
S were labeled on the same day using the same batch and amount of 

Re- 188 (20 mCi, 740 MBq). 



10 



10% ethanol 
85% edianol 
column 

15 



% OP TOTAL RADIQACnVnY 
NO ASCOBBATB PLUS ASCOPBATP 

0.9 52.4 
97.0 46.2 
2.1 1.4 
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1 1. 

2 A method for stabilizing pqpddes radiolabeled with a 

3 radioisotxq)e by addition of a stabilizer, selected from the 

4 group consisting of ascoibic add and water soluble salts, 

5 esters and mixtures thereof to a composition containing a 

6 previously radiolabeled peptide, wherein said stabilizer is 

7 present in an amount suifidrat to prevent oxidation loss 

8 and autoradiolysis of the radiolabeled pqytkie. 

1 2. 

2 The m^faod of claim 1 wh^:ein the pqitide is 

3 radiolabeled with a radioisotq)e selected fnrni the group 

4 consisting of '^Tt, ^••Re and 

1 3. 

2 Hie method of claim 1 wh^dn the peptide is 

3 radiolabded by direct labeling of the peptide with a 

4 radioisotope. 

1 4. 

2 The method of claim 1 wherdn the pqitide is 

3 radiolabeled by use of a bifunctional chelate. 

1 5. 

2 The me^faod of claim 1 wherdn the pq^de is a 

3 somatostatin analogue. 

1 6. 

2 The method of claim 1 wherein the peptide is 

3 radiolabeled prior to addition of the stabilizer, by 

4 incubation with the radioisotope for at least fifteen 
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minutes at a teDq)eratuie ranging from room 
traipeiatuie to 100*^C. 



7. 

A method for dabilizing protdns radiolabeled with a 
radioisotope by addition of a stabilizer, selected frxHn 
the group consisting of ascoibic acid and water soluble 
salts, esters and mixtures thereof to a composition 
containing a previoudy radiolabeled piotdn, wherein 
said stabilizer is presrat in an amount sufRdrat to 
prevent oxidation loss and autoradiolyas of the 
radiolabeled protdn. 

8. 

The method of claim 7 wherein the protein is 
radiolab^d with a radioisotope selected from the group 
consisting of **Tc, '••Re and *"Re. 

9. 

Tlie method of claim 7 wherran the protein is 
radiolabeled by direct labeling of the protein with a 
radioisotope. 

10. 

Hie method of claim 7 wherein the protein is 
radiolabeled by use erf" a biiunctional chelate. 

11. 

The method of claim 7 wherdn the protein is an 
anti-SSEA-1 IgiM nxmoclonal antibody. 

12. 

The m^hod of claim 7 wherein the protein is 
radiolabeled prior to additicm of the stabilizer by 
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4 incubation with the nuiioisotope for at least fifteen 

5 minutes at a temperature ranging from room temperature 

6 to37^C. 

1 13. 

2 Tlie m^od of claim 7 wherein the protein is 

3 radiolabeled at a concentration of between 0.5 and 2 

4 mg/ml, and wh^i^ after radiolabdUng and upon 

5 addition of the stabilize in a phannacoitically accq>table 

6 carrier, the protein is at a concentration of betwem 0.1 

7 andO.Smg/ml. 

1 14. 

2 The method of claim 13 whodn the protein is 

3 radiolabeled at a coocentradon of 1 mg/ml, and wherran 

4 afi^ ladiolabeling and upon addition of the stabilize in 

5 a phannacaiticaMy accq>table cani^, the protein is at a 

6 concratration of betwera 0.01 and 0.25 mg/ml. 

1 15. 

2 A composition for prqiaring a stable '^c-labeled 

3 anti-SSEA-1 IgM monoclonal antibody preparatira, 

4 conqiniang: a prqiaration conq)ri^g a quantity of 

5 partially reduced anti-SSEA-1 IgM monoclcmal antibody 

6 and stannous ion, whnein the anti-SSEA-1 IgM 

7 monockmal antibody is labeled by the additicm of ''^c 

8 sodium peitechnetate and incubation; and a stabilizer 

9 selected frran the group ccmsisting of ascorbic add and 

10 wator sohible salts, esters and mixtures thereof wherein 

11 die stabilize* is added to the '^c-labded anti-SSEA-l 

12 IgM monoclonal antibody preparation subsequent to 

13 labeling the anti-SSEA-l Ig|M monoclonal antibody by 

14 the addition of ''^c sodium pertechnetate and 
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15 




incubation. 


1 




16. 


2 




The composition as defined in claim IS wherein the 


3 




paitially reduced anti-SSEA-1 IgM monoclonal antibody 


4 




and stannous ion is in the fonn of a lyq>hilized kit. 


1 




17. 


2 




Hie composition as d^ined in claim 15 wherein the 


3 




stabilizer is in an aqueous fonnulatioa comprising a 


4 




physiologically acceptabte canier or dilueitt. 


1 




18. 


2 




A compositicm stabilized against at least one of oxidation 


3 




ami autoiadiolysis containing a radiolabeled peptide or a 


4 




ladiolabeled protein and a stabilizer selected from the 


5 




group consisting of asoosbic acid and water-soluble salts 


6 




and estm of asooxbic add and mixtures of two or more 


7 




of the foregoing said stabilizer having been added to said 


8 




composition containing said pqytide already xacfiolabeled. 


1 




19. 


2 




A method for stabilizing a compositioii containing a 


3 




radiolabeled pqitide or a radiolabeled protein comprising 


4 




the steps of: 


5 




providing a composition containing said pqitide or 


6 




protein^ said peptide or protein having already bera 


7 




radiolabeled, and adding to said composition a 


8 




stabilizing agent selected from the gtoixp consisting of 


9 




ascorbic add and physiologically accqitable water- 


10 




soluble salts and esicts of ascorbic acid and mixtures of 


11 




two or more of the foregoing said stabilizers in an 


12 




amount effective to stabilize said radiolabeled pqitide or 


13 




protein against oxidation or autoradiolysis. 
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